1. Introduction {#sec1-viruses-07-02909}
===============

Toscana virus (TOSV) is a Phlebotomus-borne virus, classified within the sandfly fever virus group of the genus *Phlebovirus* (family *Bunyaviridae*). Three other major serotypes, Sicilian, Naples and Cyprus, belong to the sandfly fever virus group, but only TOSV exhibits tropism for the central nervous system (CNS) \[[@B1-viruses-07-02909]\]. In fact, TOSV can cause aseptic meningitis, meningoencephalitis or encephalitis, which exhibit better clinical outcome compared to other neuro-arbovirosis, such as West Nile virus (WNV) infection \[[@B2-viruses-07-02909]\]. Although self-resolving in most cases, TOSV infection of the CNS may be severe in some patients who need intensive care or may experience ischemic complications or hydrocephalus \[[@B3-viruses-07-02909],[@B4-viruses-07-02909],[@B5-viruses-07-02909],[@B6-viruses-07-02909]\].

In the European Mediterranean countries, including Italy, Spain, Portugal, France, Greece and Cyprus, TOSV is one of the most frequent causes of CNS infection during the summer season \[[@B7-viruses-07-02909]\]. Recent evidence indicates TOSV infection as emergent in Northeast Italy \[[@B8-viruses-07-02909],[@B9-viruses-07-02909],[@B10-viruses-07-02909]\]. Furthermore, a growing number of TOSV infections have been reported in travelers returning from the Mediterranean basin to other European countries and the US \[[@B2-viruses-07-02909]\].

Despite the fact that evidence of TOSV-related CNS cases is increasing, little is known about early host defense against this infection. During acute viral infection, cells of the innate immune system are the first to be activated. Among these, dendritic cells (DCs) and monocytes are professional antigen-presenting cells (APCs) and are key players in immune responses by recognizing conserved microbial patterns through toll-like receptors (TLRs), engulfing pathogens, and activating and orchestrating T-cell responses \[[@B11-viruses-07-02909]\].

Distinct subsets of circulating DCs can be identified in the peripheral blood, including CD1c/BDCA-1^+^ and CD141/BDCA-3^+^ myeloid dendritic cells (mDCs) and CD303/BDCA-2^+^ plasmacytoid dendritic cells (pDCs); mDCs and pDCs recognize RNA viruses by TLR3 and TLR7, respectively \[[@B11-viruses-07-02909]\]. In addition, monocytes can be subdivided into three subsets based on the expression of CD14 and CD16 markers; the classical monocytes are CD14^++^ and do not express CD16, the intermediate monocytes are CD14^++^ and CD16^+^, and the nonclassical monocytes express low levels of CD14 together with high CD16 (CD14^+^CD16^++^) \[[@B11-viruses-07-02909]\] and exhibit high levels of TLR7/8 to detect virally infected cells \[[@B12-viruses-07-02909]\].

Recent evidence indicates that phleboviruses, including TOSV, are capable to infect cells that express DC-SIGN, such as mDCs \[[@B13-viruses-07-02909]\], thus suggesting that mDCs may be target cells in the pathogenesis of these infections. Nevertheless, many aspects of TOSV infection and pathogenesis remain unresolved, including its interactions with the host immune system.

This study aimed to evaluate innate responses in patients with TOSV neuroinvasive infection following the hypothesis that such responses would be potent and efficient during TOSV infection. In fact, TOSV generally causes a benign and short-course meningitis, which implies the activation of early and effective host responses. We designed the study as follows (1) to evaluate the frequency and activation status of blood APCs; (2) to evaluate the functional status of TLRs mainly expressed by APCs and involved in the response to RNA viruses; and (3) to quantify cytokine levels in the plasma and cerebrospinal fluid (CSF) of patients with neuroinvasive infection caused by TOSV as compared to healthy controls and/or patients with other infectious and noninfectious neurological diseases.

2. Results {#sec2-viruses-07-02909}
==========

2.1. Patient Characteristics {#sec2dot1-viruses-07-02909}
----------------------------

Twenty-six patients suffering from meningitis or meningoencephalitis caused by TOSV were included in the study ([Table 1](#viruses-07-02909-t001){ref-type="table"}). The age of the patients ranged from 18 to 80 years, with a median age of 47 and an interquartile range (IQR) of 40--64 years. The female-to-male ratio was 7/19. CSF data were available from 22 patients, and all 22 had elevated CSF protein concentration, with a mean CSF protein concentration of 117 mg/dL and an IQR of 96--170 mg/dL (normal range: 20--40 mg/dL). Furthermore, 16 of the 22 patients had pleocytosis with mononuclear cell prevalence. The median WBC count was 300 cells/mm^3^ with an IQR of 149--404 cells/mm^3^. A combination of elevated CSF protein concentration and elevated peripheral WBC count was observed in 16 patients.

The clinical course of TOSV infection was mild with classical aseptic meningitis in 17 out of 26 cases. One case presented with headache and fever only, while 8 additional patients experienced meningoencephalitis. Two meningoencephalitis patients developed an altered mental status and required intensive care. All but one of the TOSV-positive cases showed a complete recovery when discharged from the hospital; one patient exhibited paresthesia of the extremities that lasted for seven months.

viruses-07-02909-t001_Table 1

###### 

Demographic variables, clinical data, cerebrospinal fluid characteristics and outcome of patients with TOSV infection. Total Patients *n* = 26.

                                                   *n*   Median (IQR)     Percentage (%)
  ------------------------------------------------ ----- ---------------- ----------------
  **Demographic factors**                                                 
  Age                                                    47 (40--64)      
  Male sex                                         19                     73.1
  **Comorbidities**                                                       
  Charlson score                                         0 (0--0.5)       
  **Clinical characteristics of TOSV infection**                          
  Meningitis                                       17                     65.4
  Meningoencephalitis                              8                      30.8
  Fever without CNS involvement                    1                      3.8
  **CSF characteristics**                                                 
  WB cells (cells/mm^3^)                                 300 (149--404)   
  Protein content (mg/dL)                                117 (96--170)    
  Glucose level (mg/dL)                                  58 (48--65)      
  CSF glucose/serum ratio                                0.6 (0.5--0.7)   
  **Outcome ^a^**                                                         
  ICU admission ^b^                                2                      8.0
  Complete resolution                              23                     92.0
  Long term sequelae                               0                      0

**Notes:** TOSV, Toscana virus; IQR, interquartile range; CSF, cerebrospinal fluid; CNS, central nervous system; WB, white blood; ICU, intensive care unit; ^a^ data not available for one patient; ^b^ Two patients presented with meningoencephalitis and altered mental status; *n*, means number.

2.2. Changes of the Blood APC Composition in TOSV-Infected Patients {#sec2dot2-viruses-07-02909}
-------------------------------------------------------------------

We observed an increased frequency of total blood monocytes in TOSV-infected patients compared to healthy controls ([Figure 1](#viruses-07-02909-f001){ref-type="fig"}A). By examining the different monocytic subsets in nine TOSV-infected patients and 12 healthy controls, we observed that the proportion of the distinct subsets of monocytes was altered with the frequency of nonclassical monocytes being reduced in TOSV-infected patients when compared to healthy controls ([Figure 1](#viruses-07-02909-f001){ref-type="fig"}B). Furthermore, monocytes from TOSV-infected patients exhibited a significant reduction in the percentage of cells expressing the major histocompatibility complex (MHC) class-II molecules compared to healthy controls ([Figure 1](#viruses-07-02909-f001){ref-type="fig"}C), while expression levels of MHC class II molecules did not differ on monocytes obtained from patients and healthy controls ([Figure 1](#viruses-07-02909-f001){ref-type="fig"}D). In TOSV-infected patients, the decline in MHC-II expressing cells appeared more evident in the nonclassical monocytes subset. Conversely, a lower frequency of blood BDCA-1^+^, BDCA-2^+^ and BDCA-3^+^ DCs was observed in TOSV-infected patients ([Figure 2](#viruses-07-02909-f002){ref-type="fig"}A) with no difference in the percentage of MHC class-II positive cells (data not shown) nor in the MHC class-II expression levels ([Figure 2](#viruses-07-02909-f002){ref-type="fig"}B) when compared to healthy controls.

![Changes in blood monocytes during TOSV infection. Peripheral blood mononuclear cells (PBMCs) from the study participants were stained with monoclonal antibodies for subsequent flow cytometric analyses. Monocytes (CD14^+^) were gated as described in Materials and Methods. Cell frequencies (**A**,**B**) and human leukocyte antigen (HLA)-DR expression levels (**C**,**D**) of the circulating monocytes are reported. *N* = 26 TOSV+ patients and *n* = 49 healthy controls were evaluated for total monocytes, while *n* = 9 TOSV+ patients and *n* = 12 healthy donors were analyzed for monocytic subsets. White squares indicate healthy controls and black triangles indicate TOSV-infected patients. MFI, mean fluorescence intensity. Data were analyzed using the non-parametric Mann--Whitney *U* test. \* indicates *p* ≤ 0.05, \*\* indicates *p* ≤ 0.01 and \*\*\* indicates *p* ≤ 0.001.](viruses-07-02909-g001){#viruses-07-02909-f001}

![Cell frequencies and activation markers of circulating DCs (BDCA-1^+^, BDCA-2^+^, and BDCA-3^+^). Peripheral blood mononuclear cells (PBMCs) from the study participants were stained with monoclonal antibodies for subsequent flow cytometric analyses. mDCs (BDCA-1^+^ and BDCA-3^+^ DCs) as well as pDCs (BDCA-2^+^ DCs) were gated as described in Materials and Methods. Lower frequencies of circulating DCs were observed in TOSV-infected patients (**A**) with no difference in the expression levels of human leukocyte antigen (HLA) class II molecules compared to healthy controls (**B**). White squares indicate healthy controls and black triangles indicate TOSV-infected patients. *N* = 21 TOSV+ patients and *n* = 26 healthy controls were analyzed. MFI, mean fluorescence intensity. Data were analyzed using the non-parametric Mann--Whitney *U* test. \*\* indicates *p* ≤ 0.01 and \*\*\* indicates *p* ≤ 0.001.](viruses-07-02909-g002){#viruses-07-02909-f002}

2.3. Responsiveness of TLR3 and TLR7/8 in *ex Vivo* Stimulation Assay of Blood Cells from TOSV-Infected Patients {#sec2dot3-viruses-07-02909}
----------------------------------------------------------------------------------------------------------------

To evaluate the functional status of TLRs expressed by APCs and involved in responses to RNA viruses, we stimulated whole blood samples from eight TOSV-infected patients and seven healthy controls with TLR3 or TLR7/8 agonists for 24 h, after which the supernatants were collected for cytokine assays. The production of soluble factors by agonist-stimulated cells was higher than the amounts spontaneously secreted by unstimulated blood samples, especially for the TLR7/8-agonist R848 ([Figure 3](#viruses-07-02909-f003){ref-type="fig"}A--E). No significant differences were observed in unstimulated blood cells and in TLR7/8-mediated cytokine responses between TOSV-positive patients and healthy controls, while cells from TOSV-positive patients exhibited an increased release of IFN-α in response to the TLR3 ligand poly(A:U) as compared to healthy controls.

![TLR-induced cytokine responses in blood cells from TOSV-infected patients and healthy controls. Blood cells were left unstimulated or stimulated with poly(A:U) (TLR3 ligand; 20 µg/mL) or Resiquimod-R848 (TLR7/8 ligand; 10 µg/mL). After 24 h, supernatants were collected and analyzed for cytokine levels. White squares indicate healthy controls and black triangles indicate TOSV-infected patients. *N* = 8 TOSV-infected patients and *n* = 7 healthy controls were evaluated. Data were analyzed using the non-parametric Mann--Whitney *U* test. \* indicates *p* ≤ 0.05.](viruses-07-02909-g003){#viruses-07-02909-f003}

2.4. Cytokine Levels in the Plasma and CSF of TOSV-Infected Patients {#sec2dot4-viruses-07-02909}
--------------------------------------------------------------------

The levels of IL-6, IL-10, TNF-α, IFN-α and IFN-γ were examined in the plasma samples from 17 infected patients and 15 healthy controls ([Figure 4](#viruses-07-02909-f004){ref-type="fig"}). We did not observe any difference in the plasma levels of these cytokines between TOSV-infected patients and controls. Then, we compared cytokines levels in the CSF samples from TOSV infected patients (*n* = 17) with those obtained from two control groups, *i.e.*, CSF samples obtained from patients suffering of noninfectious diseases of the CNS (*n* = 30) and from patients with enterovirus meningitis (*n* = 7). The levels of IL-6, IL-10, IFN-α and IFN-γ were significantly higher in the CSF samples from patients suffering of viral meningitis or meningoencephalitis as compared to noninfectious CNS diseases. While no differences were observed in the intrathecal levels of IL-6 between patients infected with TOSV and enterovirus, CSF levels of IFN-α, IFN-γ and IL-10 were significantly higher in TOSV-infected patients as compared with enterovirus-infected patients. Among TOSV-infected patients, no difference was observed in CSF cytokine production between patients with meningitis and patients with meningoencephalitis.

![Levels of pro-inflammatory and anti-inflammatory cytokines in plasma and CSF from TOSV-infected patients and controls. The levels of IFN-α, IFN-γ, IL-6, IL-10, and TNF-α (**A**--**E**) were measured in the plasma samples from TOSV-infected patients (TOSV+) and from healthy controls (HC) as described in Materials and Methods. Cytokine levels were also measured in the CSF samples from TOSV-infected patients (TOSV+) and from patients with enterovirus meningitis (ENTERO+) and with noninfectious diseases of the CNS (noninfectious controls, NIC). White squares designate healthy controls (*n* = 15), white circles indicate noninfectious controls (*n* = 30), black circles designate enterovirus meningitis (*n* = 7) and black triangles indicate TOSV-infected patients (*n* = 17, 11 patients with meningitis and six patients with meningoencephalitis). Data were analyzed using the non-parametric Mann--Whitney *U* test. \* indicates *p* ≤ 0.05, \*\* indicates *p* ≤ 0.01 and \*\*\* indicates *p* ≤ 0.001.](viruses-07-02909-g004){#viruses-07-02909-f004}

3. Discussion {#sec3-viruses-07-02909}
=============

Fluctuation in blood DC numbers has been observed in viral infections; acute, short-lasting infections such as those caused by dengue virus and influenza virus are associated with an expansion of blood DC, while viruses inducing chronic/persistent infection (HIV, hepatitis C virus, human cytomegalovirus) mainly cause a decline of circulating DC number/frequency \[[@B14-viruses-07-02909],[@B15-viruses-07-02909]\]. Our study examines the innate immune response in patients suffering from TOSV infection. Despite causing an acute and fast-resolving infection, TOSV was associated with a significant reduction of mDC and pDC frequency in infected patients. Whether this was due to infection of DCs, ongoing apoptosis or to a diminished re-population of blood cells from the bone marrow remains speculative.

On other hand, the frequency of blood monocytes was significantly increased in TOSV-infected patients compared to healthy controls; this phenomenon was restricted to classical and intermediate monocytes, resembling the "inflammatory" monocytes that have been described in mice \[[@B16-viruses-07-02909]\], as the proportion of nonclassical monocytes was reduced in infected patients. Monocyte infiltration is a hallmark of CNS inflammation, including when caused by viral infections \[[@B17-viruses-07-02909]\]. Evidence indicates that CNS inflammation provokes bone marrow monocyte responses by inducing emigration of existing bone marrow CCR2-positive monocytes into the circulation, and/or by generation of new monocytes in the bone marrow in experimental models of neuroinvasive infections \[[@B16-viruses-07-02909],[@B18-viruses-07-02909]\]. These mechanisms may also apply to TOSV-induced neuroinflammation.

Even though TOSV-infected patients had increased percentage of circulating monocytes, these cells displayed an impaired phenotype with a decline of cells expressing MHC class-II molecules. As MHC class-II downregulation is considered a surrogate marker for monocyte dysfunction \[[@B19-viruses-07-02909]\], monocytic deactivation may lead to reduced T-cell activity, thus facilitating viral replication and worsening the TOSV infection. In support of this hypothesis, we observed a profound deactivation of blood monocytes in the two patients who required ICU admission (not shown). However, due to the small study group, we could not perform a correlation analysis between the alteration of monocytic phenotype and the severity of the TOSV infection.

Despite blood monocyte deactivation, APC-mediated responses to single stranded RNA (ssRNA) did not appear to be altered in TOSV-infected patients, as TLR7/8 responsiveness to the specific ligand R848 was equivalent in TOSV-infected patients and healthy controls. Further, stimulation of TLR3---a sensor for double stranded RNA (dsRNA)---induced a higher release of IFN-α in blood cells from TOSV-infected patients as compared to healthy controls. This finding parallels the high IFN-α levels that were observed in the CSF of TOSV-infected patients and suggests an involvement of TLR3 in the antiviral response to TOSV.

Cytokines are produced intrathecally in patients with viral meningitis or meningoencephalitis, and different viruses produce unique inflammatory responses *via* different pathogenic pathways \[[@B20-viruses-07-02909]\]. While systemic levels of cytokines remained low in TOSV-infected patients, intrathecal levels of pro-inflammatory, anti-inflammatory and antiviral mediators were found increased, indicating local production within the CNS. When comparing levels of cytokines in CSF samples from patients with TOSV infection to those from patients with enterovirus meningitis, we observed that TOSV induced higher intrathecal production of IFN-α, IFN-γ and IL-10, which suggests the activation of a selective antiviral and anti-inflammatory response in the CNS of TOSV-infected patients. As viral entry and dissemination as well as viral structure differ significantly between TOSV and enteroviruses, neuropathogenesis of these viral infections is likely dissimilar, which may explain variation in cytokine levels that we observed in the CSF of infected patients. We observed a stronger immune response in the CNS of TOSV-infected patients when compared to enterovirus-infected patients; this is in line with observations in other neuroinvasive arbovirosis, such as those caused by flaviviruses, where an intense immune response in the CNS is often found \[[@B21-viruses-07-02909]\].

The IFN system represents the first line of host defense against neuroinvasive virus infection \[[@B22-viruses-07-02909]\] and is crucial to generate an antiviral state of brain cells and cytotoxic defense to neurotropic viruses \[[@B23-viruses-07-02909],[@B24-viruses-07-02909]\]. Recent evidence indicates that TOSV is susceptible to type-I IFN as its replication is inhibited by IFN-β \[[@B25-viruses-07-02909]\]; indeed an important role for the IFN system in the antiviral response against TOSV has been demonstrated by the ability of TOSV nonstructural protein to inhibit type-I IFN release \[[@B26-viruses-07-02909],[@B27-viruses-07-02909]\].

Further, high expression of IL-10 is beneficial during the course of CNS inflammatory diseases by promoting survival of neurons and glial cells in the brain; progressively decreasing levels of intrathecal IL-10 are associated to severe symptoms in patients with neuroinvasive tick-borne encephalitis virus (TBEV) \[[@B20-viruses-07-02909]\] and in an experimental model of Japanese encephalitis virus (JEV) infection \[[@B28-viruses-07-02909]\]. Reduced levels of IL-10 also allow amplification of pro-inflammatory Th1 cytokine cascade, which leads to brain damage, as shown in post-mortem studies and in experimental models of neuro-arbovirosis, including WNV \[[@B29-viruses-07-02909],[@B30-viruses-07-02909],[@B31-viruses-07-02909]\], JEV \[[@B32-viruses-07-02909],[@B33-viruses-07-02909]\] and TBE \[[@B34-viruses-07-02909],[@B35-viruses-07-02909]\] infections. The antiviral response to TOSV in the CNS appeared to be properly modulated by the IL-10-mediated anti-inflammatory counterpart and all TOSV-infected patients in our study group cleared the neuroinvasive infection without permanent damage. Conversely, low TNF-α levels were found in the CSF of the same patients, as shown in meningitis caused by other viruses \[[@B20-viruses-07-02909],[@B36-viruses-07-02909]\].

In conclusion, the early host response to TOSV appears effective for viral clearance, by proper activity in response to TLR3 and TLR7/8 agonists in the periphery and by a strong mixed antiviral and anti-inflammatory response in the CNS. These results provide a better understanding of the innate host response to TOSV, which could contribute to identification of phenotypic risk factors of neurologic complications and for the development of appropriate treatment.

4. Materials and Methods {#sec4-viruses-07-02909}
========================

4.1. Study Population {#sec4dot1-viruses-07-02909}
---------------------

During the summer season 2012--2013, 26 adult patients with meningitis or meningoencephalitis admitted to healthcare facilities in the Emilia-Romagna region (Northern Italy) and diagnosed with active TOSV infection were included in the study. Laboratory diagnosis of acute TOSV infection was performed at the Regional Reference Centre for Microbiological Emergencies (Unit of Microbiology, St. Orsola-Malpighi University Hospital, Bologna, Italy). Peripheral blood and CSF samples were collected during the acute phase of the disease (*i.e.*, 1--5 days after the onset of symptoms) as part of the diagnostic routine. TOSV diagnosis was performed by serologic and molecular methods as reported \[[@B10-viruses-07-02909]\]. Twenty-two patients tested positive both for TOSV RNA in CSF and for anti-TOSV IgG and/or IgM in the corresponding serum/plasma sample, 2 patients tested positive for TOSV RNA in CSF and negative for specific antibodies in serum/plasma and the 2 remaining patients tested positive only for anti-TOSV IgG and IgM in serum (CSF was not available in one case and tested negative for TOSV RNA in the other case). As healthy controls, blood samples from 49 blood donors were obtained from the Blood Bank, St. Orsola-Malpighi University Hospital, Bologna, Italy. Age of healthy controls ranged from 26 to 67 years, with a median age of 44, female-to-male ratio was 17/32. As additional control groups, CSF samples were obtained from patients suffering of enterovirus meningitis (*n* = 7, age range 1--36 years, median age: 25, female-to-male ratio: 1/6) and of noninfectious CNS diseases including brain cancer, trauma and demyelinating disorders (*n* = 30, age range 19--89 years, median age: 54, female-to-male ratio: 14/16). All blood donors and non-healthy controls were resident in the Emilia-Romagna region. As TOSV serostatus is not routinely tested by the Blood Bank, we performed serological assays to determine anti-TOSV IgG and IgM in plasma from 49 blood donors included as healthy controls. We also tested CSF from non-healthy controls (7 patients with enterovirus meningitis and 30 patients with noninfectious CNS diseases) for anti-TOSV antibody. Plasma and CSF samples were analyzed by indirect immunofluorescence test (*Anti-sandfly fever virus Mosaic*, Euroimmun, Lübeck, Germany). No IgM was detected in plasma or CSF samples from blood donors and non-healthy controls, thus excluding active TOSV infection in the control groups, while 3 individuals exhibited anti-TOSV IgG, as a sign of a past infection.

The study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the Ethics Committee of the St. Orsola Malpighi University Hospital (project identification code: 91/2011/U/Tess). Written informed consent was obtained from all patients. Clinical assessments were completed at hospital admission and discharge, according to the study protocol. CSF evaluation included a standard cytochemical analysis with the measurement of protein and glucose concentration and white blood cell (WBC) count. A CSF WBC count was considered altered when the number of cells was over 6 cells/mm^3^.

4.2. Blood Collection and Cell Preparation {#sec4dot2-viruses-07-02909}
------------------------------------------

Six to eight milliliters of peripheral blood were drawn from patients and healthy controls, collected into K-EDTA tubes and processed for this study within 30 h from collection. Samples were centrifuged, and the plasma was removed and stored at −80 °C for analyzing cytokines levels. Subsequently, the original volume of each blood sample was reconstituted with RPMI medium and employed for immunophenotyping of the peripheral blood mononuclear cells.

4.3. Immunophenotyping {#sec4dot3-viruses-07-02909}
----------------------

FcR blocking reagent (Miltenyi Biotec, GmbH, Germany) and mouse monoclonal antibodies conjugated with fluorescein isothiocyanate (FITC), phycoerythrin (PE), or peridinin chlorophyll protein (PerCP) were added. Antibodies used for cell-surface staining included the B-cell marker CD19 (clone SJ25C1, eBioscience, San Diego, CA, USA); the monocyte markers CD14 and CD16 (clones TUK4 and VEP13, respectively, Miltenyi Biotec); DC markers, including blood dendritic cell antigen (BDCA)-1, BDCA-2, and BDCA-3 (clones AD5-8E7, AC144 and AD5-14H12, respectively, Miltenyi Biotec), and the activation marker HLA-DR (clones AC122, Miltenyi Biotec). Subpopulations of monocytes were defined by the gating strategy suggested by Heimbeck *et al.* \[[@B37-viruses-07-02909]\]. Briefly, monocytes were defined by sequential gating in light scatter plots and in CD14/HLA-DR dot plot before segregating monocyte subsets in CD14/CD16 dot plot. Subpopulations of DCs were defined by the absence of lineage markers for B lymphocytes and monocytes and the expression of BDCA-1/BDCA-3 or BDCA-2 for mDCs and pDCs, respectively. After staining, to ensure an optimal lysis of erythrocytes, the Red Blood Cell Lysis Solution (Miltenyi Biotec) was utilized. Cells were then immediately acquired using a FACS Calibur System (Automated Flow Cytometer, BD Biosciences, San Diego, CA, USA) and analyzed using the BD CellQuest Pro Software (Becton Dickinson, NJ, USA).

4.4. Stimulation of Blood Cells with Specific TLR Ligands {#sec4dot4-viruses-07-02909}
---------------------------------------------------------

Whole blood samples were diluted 1:1 with RPMI medium and separate aliquots (200 µL) of diluted blood distributed into a 96-well flat bottom plate for cell cultures were left unstimulated or stimulated either with poly(A:U) (TLR3 ligand; 20 µg/mL; InvivoGen, San Diego, CA, USA) or Resiquimod-R848 (TLR 7/8 ligand; 10 µg/mL, InvivoGen). After 24 h of incubation at 37 °C in 5% CO~2~, culture supernatants were collected by centrifugation and stored at −80 °C for cytokine determination. The different TLR ligands used in these assays exert their effects on distinct immune cell subsets: poly(A:U) interacts with TLR3 expressed within mDCs \[[@B38-viruses-07-02909]\], Resiquimod-R848 activates TLR7 and TLR8, with TLR7 being expressed mainly within pDCs and B cells \[[@B39-viruses-07-02909]\], whereas TLR8 is found within monocytes and mDCs \[[@B12-viruses-07-02909],[@B40-viruses-07-02909]\]. The choice of stimulants reflects a desire, based on our own knowledge and experience \[[@B41-viruses-07-02909]\] to focus on APC-mediated response to RNA viruses.

4.5. Determination of Cytokines Levels in Supernatants, Plasma and CSF Samples {#sec4dot5-viruses-07-02909}
------------------------------------------------------------------------------

The levels (pg/mL) of IL-6, IL-10, IFN-α, IFN-γ and TNF-α were measured in blood cell supernatants, plasma and CSF samples by employing the Procarta Immunoassay Kit with magnetic beads (Affymetrix Inc., eBioscience, San Diego, CA, USA). This Luminex-based method utilizes microspheres as the solid support for a conventional sandwich immunoassay to simultaneously measure multiple cytokines. Following the manufacturer's instructions, anti-cytokine antibody-coupled beads were added to each well of a 96-well plate. After washing, standards and samples (diluted 1:10 in appropriate diluents) were then pipetted into each well and incubated for 120 min at room temperature on a plate shaker. Following 3 washes, a biotinylated detector antibody was added to each well and the plate was incubated for 30 min in the dark. After washing, a final incubation with Streptavidin-PE was performed. Finally, complexes were resuspended in 120 µL of detection buffer, and 100 beads were counted during acquisition on the Luminex^®^ 200™ instrument (Luminex Corporation, Austin, TX, USA). The mean fluorescence intensity was analyzed and the concentration of cytokines in the supernatants, plasma or CSF was calculated in pg/mL. The assay sensitivity was 0.4 pg/mL for IL-6, 0.15 pg/mL for IL-10, 2.25 pg/mL for IFN-α, 0.1 pg/mL for IFN-γ, and 0.26 pg/mL for TNF-α.

4.6. Statistical Analysis {#sec4dot6-viruses-07-02909}
-------------------------

Categorical variables (gender, clinical characteristics and disease outcome) were reported as absolute values and relative frequencies. Continuous variables (age, CSF characteristics, *etc.*) were reported as medians with IQRs. Due to the nonparametricity of the experimental data, the Mann--Whitney *U* test was employed to evaluate significance between two unpaired groups of data for the FACS immunophenotyping and cytokine levels (TOSV-positive patients *vs.* healthy controls). A *p*-value of 0.05 or less was considered significant. Data analysis was performed using R (R Foundation for Statistical Computing c/o Institute for Statistics and Mathematics Wirtschaftsuniversitat Wien, Austria) and Mathematica (developed by Wolfram Research of Champaign, IL, USA).
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